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Abstract
We propose a mechanism which can reduce the Peskin and Takeuchi’s S, T
and U parameters in dynamical electroweak symmetry breaking models. It is
interesting that not only S but also T parameter can become small even if there
exists large isospin violation in fermion condensation. For example, when we take
the SU(2)L × U(1)Y breaking mass of up-type fermion mU = 1 TeV and that of
down-type mD = 0, we get S∼ 0.001N and T∼ 0.05N for the SU(2)L × U(1)Y
invariant masses M = 10 TeV. The point is that these parameters are suppressed
by SU(2)L × U(1)Y invariant masses which the vector-like fermions can have.
†Fellow of the Japan Society for the Promotion of Science.
‡ N. Maekawa will be in SLAC in this summer.
Dynamical electroweak symmetry breaking is one of the most attractive mechanism
which can solve the naturalness problem in the standard model [1]. However recent pre-
cision measurements on S and T parameters give these models rather severe constraints
[2]. S parameter gives a severe constraint to the number of new SU(2)L doublets, which
limits the dynamical models like ‘Walking Technicolor’ [3]. T parameter makes it diffi-
cult to break isospin symmetry in dynamical breaking sector [4] in spite of the fact that
the Nature has very large isospin violation such as mb/mt << 1. Top condensation [5]
is attractive as a point that no new particle exists. But unfortunately it requires strong
fine tuning §, therefore it does not solve the naturalness problem. If one introduces 4-th
generation fermion condensation [6], one should introduce degenerate masses of the 4-th
up and down-type quarks, which is not so natural because the Nature has large isospin
violation.
S, T and U parameters are non-decoupling parameters in terms of SU(2)L ×U(1)Y
breaking masses m. On the other hand, they must be suppressed by SU(2)L × U(1)Y
invariant masses M in the limit M →∞ because of decoupling theorem [8]. Therefore
even if one introduces new particles which have the SU(2)L × U(1)Y breaking masses
m, S, T and U parameters can be reduced if they have also SU(2)L × U(1)Y invariant
masses M >> m. By these facts, we can expect that if the condensation of massive
vector-like fields ( i.e. they have SU(2)L×U(1)Y invariant massesM ) [9, 10, 11, 12] can
break the standard gauge symmetry, S, T and U parameters can become small at least
in the limit M >> m. In this paper, we would like to discuss dynamical electroweak
symmetry breaking by vector-like fields’ condensation which is induced mainly by 4-
fermi interactions.
First, let us discuss the dynamical symmetry breaking by vector-like fields. Here
we introduce 2 pairs of vector-like fields QL,R = (Q
U , QD)L,R = (2, Y )L,R and UR,L =
(1, Y + 1
2
)R,L, in which the numbers are quantum numbers of SU(2)L and U(1)Y respec-
tively, and L and R represent the chirality. Here we adopt the following lagrangian;
L4 = Q¯(iDµγµ −MQ)Q + U¯(iDµγµ −MU)U
§ This is because the T parameter must be made small. In order to decrease the composite scale Λ
very heavy top quark is needed [5, 7].
1
+(
G
N
(Q¯
(1 + γ5)
2
U)(U¯
(1− γ5)
2
Q) + h.c.), (1)
in which MQ andMU are SU(2)L×U(1)Y invariant masses, Dµ is a covariant derivative
of the standard gauge groups, and we neglected every 4-fermi interaction except that
in Eq. (1) for simplicity. Here we only assume the chiral structure of the 4-fermi
interaction, which we will discuss later. By using auxiliary field method, this lagrangian
is rewritten like
LY = Q¯(iDµγµ −MQ)Q + U¯(iDµγµ −MU)U − N
G
φ†φ+ (Q¯
(1 + γ5)
2
Uφ + h.c.). (2)
We integrate the fermion fields, and get the 1/N leading potential
V =
N
G
v2 − N
8pi
I + const, (3)
I =
Λ4
2
[ln(1 + 2α+ xQxU ) + 2α
−(α + β)2 ln 1 + α + β
α+ β
− (α− β)2 ln 1 + α− β
α− β ] (4)
∼
{
1
2
Λ4(1− xQxU) ln v2 (v →∞)
f(xQ, xU )Λ
2v2 + const, (v → 0) (5)
x(Q,U) =
M2(Q,U)
Λ2
, (6)
α =
1
2
(xQ + xU + v
2/Λ2), (7)
β =
√
α2 − xQxU , (8)
f(x, y) =
1
2(1 + x)(1 + y)
+
1
2
−
{
x2
2(x− y)(2 ln
(
1 + x
x
)
− 1
1 + x
) + (x↔ y)
}
(9)
with the vacuum expectation value of Higgs field 〈φ〉 = (v, 0) and the cut off Λ.
For any fixed value of MU and MQ, there exists a critical coupling Gc(xQ, xU) =
8pi2/(Λ2f(xQ, xU)) (see Fig.1). On the contrary, for any fixed value of G greater than
8pi2/Λ2, the critical line exists in (MQ,MU) plane, at which v drops to zero. This is
intuitively understandable. If the interaction is so strong that the binding energy be-
comes larger than sum of the bare masses, the mass square of this bound state becomes
negative and the symmetric vacuum becomes unstable.
The breaking mass of the fermion mU , the W boson mass mW and the Higgs mass
2
mH can be roughly estimated by the following relations;
mU = v, (10)
m2W =
1
2
g22Zφv
2, (11)
m2H =
1
2Zφ
d2V
dv2
, (12)
where the renormalization constant Zφ and the curvature of the potential are
Zφ =
N
16pi2
(
ln
1 + x
x
− 1
1 + x
− 1
3(1 + x)2
)
, (13)
d2V
dv2
=
Nv2
2pi2
(
ln
1 + x
x
− 1
1 + x
− 1
2(1 + x)2
− 1
3(1 + x)3
)
. (14)
Here x = M2/Λ2 and we have used the stationary condition dV/dv = 0 and the
approximation v2 << M2,Λ2. From the above relations we can easily find that√
NmU ∼
√
NmH ∼ O(TeV) (see Fig.2). In order to suppress S and T parameters, we
should take mU << M , which requires a kind of fine tuning (see Fig.3). But this is
not so strong fine tuning as the top condensation, and the condensation of the massive
vector-like fields is possible under 4-fermi interaction.
Secondly, we would like to estimate the S and T parameters in a theory with mas-
sive vector-like fields [13, 14] in order to see that they are actually suppressed by the
SU(2)L × U(1)Y invariant masses M . For completeness we introduce one more pair of
vector-like fields DR,L = (1, Y − 12)R,L. The mass matrices are taken as
Mu =
(
MQ mU
mU MU
)
, Md =
(
MQ mD
mD MD
)
, (15)
in which MQ, MU and MD are gauge invariant masses and mU and mD are SU(2)L ×
U(1)Y breaking masses. Here we took these mass matrices symmetric for simplicity.
And the fermion mass part of the lagrangian is
LM = (Q¯UL , U¯L)Mu
(
QUR
UR
)
+ (Q¯DL , D¯L)Md
(
QDR
DR
)
+ h.c. (16)
= (U¯L1, U¯L2)
(
mU1 0
0 mU2
)(
UR1
UR2
)
(17)
+(D¯L1, D¯L2)
(
mD1 0
0 mD2
)(
DR1
DR2
)
+ h.c. (18)
3
in which(
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U(L,R)2
)
=
(
c −s
s c
)(
QU(L,R)
U(L,R)
)
,
(
D(L,R)1
D(L,R)2
)
=
(
c¯ −s¯
s¯ c¯
)(
QD(L,R)
D(L,R)
)
. (19)
The S and T parameters are estimated via the fermion loops as follows;
S =
N
6pi
[−4Y (c2 lnm2U1 + s2 lnm2U2 − c¯2 lnm2D1 − s¯2 lnm2D2)
−c2s2(6χ(mU1, mU2) + m
2
U1 +m
2
U2
mU1mU2
− 2) (20)
−c¯2s¯2(6χ(mD1, mD2) + m
2
D1 +m
2
D2
mD1mD2
− 2)],
T =
N
8pi sin2 θWm2W
[c2c¯2θ(mU1, mD1) + c
2s¯2θ(mU1, mD2)
+s2c¯2θ(mU2, mD1) + s
2s¯2θ(mU2, mD2) (21)
−c2s2θ(mU1, mU2)− c¯2s¯2θ(mD1, mD2)],
where the functions [14]
χ(x, y) =
5
9
− 4x
2y2
3(x2 − y2)2 −
x6 + y6 − 3x2y2(x2 + y2)
3(x2 − y2)3 ln
x2
y2
+xy
[
− 1
6x2
− 1
6y2
+
x2 + y2
(x2 − y2)2 −
2x2y2
(x2 − y2)3 ln
x2
y2
]
, (22)
θ(x, y) = x2 + y2 − 2x
2y2
x2 − y2 ln
x2
y2
+ 2xy
[
x2 + y2
x2 − y2 ln
x2
y2
− 2
]
(23)
are non-negative, and zero only if x = y. And N means the number of SU(2)L doublets.
In the following, we take mD = 0, i.e. the isospin is maximally violated
¶. If M =
MQ = MU =MD >> m = mU , then the S and T parameters can be expanded by m/M
S =
2N
3pi
(Y +
33
60
)
(
m
M
)2
+O
((
m
M
)4)
, (24)
T =
Nm2
40pi sin2 θWm2W
((
m
M
)2
+O
((
m
M
)4))
. (25)
It is sure that the decoupling theorem works. For example, if we take m = 1 TeV and
M = 10 TeV, then S∼ 0.001N and T∼ 0.05N . Notice that the parameter T is fairly
¶ It is interesting that there exists the region that S parameter can be negative when M ∼ mU ,
mD = 0 and Y = −1/2 (lepton like), though the mass scale should be rather small (∼ 100 GeV) in
order to make T parameter small.
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small in spite of such a large isospin violation (mU = 1 TeV and mD = 0). This may
explain the large isospin violation in the Nature.
Finally we would like to discuss what models can realize the above scenario. By
using the mechanism in this paper, the top condensation is naturally extended to 4-th
family and a anti-family scenario. This model is interesting because it does not need so
strong fine tuning and large isospin violation can be realized. However we would like
to discuss another model here. We introduce one anti-family techni-fermion in addition
to ordinary one family techni-fermion and 2 extended technicolor (ETC) gauge groups
SU(NTC + 3)G × SU(NTC)AG. Namely, we assign quantum numbers (NTC + 3, 1) to
the techni-fermions and ordinary matters, and (1, NTC) to the anti-techni-fermions. We
assume the following breaking pattern;
SU(NTC + 3)G × SU(NTC)AG ×GSM
Λ1
→ SU(NTC + 2)G × SU(NTC)AG ×GSM
Λ2
→ SU(NTC + 1)G × SU(NTC)AG ×GSM
Λ3
→ SU(NTC)G × SU(NTC)AG ×GSM
Λ
→ SU(NTC)V ×GSM
ΛW
→ SU(NTC)V × SU(3)C × U(1)Q,
where GSM = SU(3)C × SU(2)L × U(1)Y and SU(NTC)V is a vector-like technicolor
group. Under the scale Λ vector-like techni-fermions can have GSM invariant masses.
It is natural to expect that the generation gauge coupling gG is larger than the anti-
generation gauge coupling gAG because NTC + 3 > NTC . Suppose that gG is enough
strong at the scale Λ to induce the strong chiral 4-fermi interaction like in the previous
discussion. The 4-fermi interaction induced by the extended technicolor interactions ‖
‖ In this paper S and T parameters are estimated only via the fermion loops, though we should esti-
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may be below the critical value, but if the 4-fermi interaction is near critical and the
effect of the strong technicolor interaction SU(NTC)V are also taken into account, it
is not so unnatural to expect that the condensation becomes possible, which breaks
SU(2)L×U(1)Y against the vacuum alignment by the invariant mass terms ∗∗. Except
the fact that the techni-fermions are vector-like and have SU(2)L × U(1)Y invariant
masses, this is effectively so-called gauged Nambu-Jona-Lasinio model [16], which can
play important roles to solve FCNC problem, light pseudo Nambu Goldstone problem
and mass hierarchy problem.
In conclusion, if vector-like fermions condensate and break the standard gauge sym-
metry, S, T parameters can be small in spite of the large isospin violation. The point is
that S, T parameters are suppressed by SU(2)L×U(1)Y invariant masses which vector-
like fermions can have. Since the Nature has large isospin violation, we think that this
mechanism is important to build realistic models.
The author thanks to T. Yanagida for reading this manuscript and valuable com-
ments. We would like to thank also D. Suematsu for letting me know some papers[11,
12]. This work is supported in part by the Japan Society for the Promotion of Science.
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Figure Caption
Fig.1
The inverse of critical coupling Gc(0, 0)/Gc(x, x) = f(x, x) with x = M
2/Λ2.
Fig.2
SU(2)Y ×U(1)Y breaking mass of fermionmU (solid line) and mass of HiggsmH (dashed
line) with x = M2/Λ2. In the limit Λ → ∞, i.e. x → 0, the ratio mH/mU becomes 2,
which is so called Nambu-Jona-Lasinio relation.
Fig.3
The potential with fine tuning vˆ = v/Λ << 1. Here we take M2 = 0.1Λ2 and G =
1.636Gc(0, 0).
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